Abstract. In order to improve the positioning accuracy and reliability of the dynamic positioning system and deal with the problem of state estimation of nonlinear system with Gaussian noise, according to the basic principles and methods of Ensemble Kalman Filter (EnKF), a dynamic positioning filtering method is proposed based on EnKF. Then, the simulation results show that the nonlinear observer based on EnKF can effectively estimate the state of the ship and have certain robustness to the observed outliers. The validity of this method is verified at the end of this article.
Ensemble Kalman Filter Principle

Optimal Bayesian Estimation.
Consider the following nonlinear state space model: , then the prediction and update process are as follows:
Where 1 2 { , , , } k k Z z z z   describe the measurements from discrete time 1 to k. Equation (3) and (4) describe the basic idea of optimal Bayesian estimation. However, the integral in Equation (3) can only be obtained for some linear dynamic systems. For non-Gaussian nonlinear systems, how to obtain accurate numerical solutions has always been a research direction.
Extended Kalman Filter.
Let the initial state 0 x be independent of k w and k v , the mean and covariance of 0 x are:
The non-linear state function 1 (.) k f  is done by Taylor deployment when 1 x k   is decided by 1 k  . Then the higher order term of the second order is omitted, and the basic linear Kalman filter equation can be used to derive EKF as follows:
The step of State prediction:
The step of measure prediction:
Covariance prediction:
State estimation:
Filter gain:
Covariance update:
Although EKF is widely used in engineering, it has many shortcomings and limitations. In the model recursion, it is necessary to calculate the Jacobian matrix, resulting in difficulties of achieving the method. The accuracy of the system noise is reduced when the noise is not Gaussian. It is not suitable for the strong nonlinearity, which requires the system state space to be continuous. These problems will lead to poor filtering stability and even divergence [7] .
Ensemble Kalman Filter.
The Ensemble Kalman filter is developed on the basis of Bayesian filtering. Its core is to estimate the covariance between the state vector and the observation vector according to the prediction result of the set (finite sample), and then use the observation information and covariance information to analyze and update, the calculated result set is recursively forwarded to predict.
Assuming that set X is the state of the system and this set is a state matrix consisting of N sets of members, each member is consisting of n states, expressed as: 1 2 3 [ , , , , , , ,]
represents the set of states at time k ,
represents the i-th state vector.
Assume that the system is observed as
, Z is an observation set consisting of N perturbed observation vectors: The prediction set at the next time is obtained by the state transition function  
Where f i x is the predicted state of the i-th particle, and ( ) f  is the state transition function. The Ensemble Kalman filter, like other Kalman filters, assumes that the prior distribution is represented by a Gaussian function whose mean and variance are as follows:
Where f is the prediction of the members of the particle set, x represents the predicted state of the i-th particle at time k ，When N tends to infinity, the mean and variance of the prediction state matrix will reach the true value of mean and variance.
During the update phase, each of the EnKF members uses the Kalman filter principle:
The measurement function is non-linear as shown in the following equation： ( , )
H P H are defined as follows:
The Kalman gain for a nonlinear system can be written as follows:
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Where xz P is the crossed covariance of the state error and the observed error, zz P is the error covariance of the observed value and the predicted value of ( ) f h x . The error covariance matrix of equation (21) can be calculated as follows:
Summarize the main equation of EnKF as follows:
Equation (29) is the improved Kalman gain. Compared with the traditional method, this method reduces the computational complexity and makes a better assimilation analysis of the nonlinear system measurement function. Using the idea of ensemble prediction to avoid the solution of complex error covariance, thus slow down the computational pressure, and solve the shortcomings of calculating EKF difficultly.
Nonlinear Observer Design
Mathematical Modeling of Ships
In this paper, we utilize low speed dynamic positioning vessel as the research object, ignoring roll, pitch and heave motion, only considering horizontal movement of the ship, and then three degrees of freedom motion of high frequency and low frequency model motion model were established respectively.
Due to attitude and line speed vessel were expressed in the north-east coordinate system and the ship coordinate system, so we take advantage of the Euler transform to do its conversion, the conversion relationship as follows [8, 9] : For a large class of surface vessel, we can use following mathematical model to describe the low-frequency motion.
( )
is a vector of bias forces and moments on the supposition that the forces due to wind wave and drift are slowly varying. 
For a straight-line stable ship, D will be a strictly positive damping matrix due to linear wave drift damping and laminar skin friction. The linear damping matrix is defined as:
Where m is the vessel mass and z I is the moment of inertia about the vessel-fixed z-axis. G x is the center of gravity about the vessel-fixed z-axis. The zero-frequency added mass in surge, sway and yaw due to accelerations along the corresponding axes are defined as
, r Y  is the added mass coupled in sway and yaw and is also defined as negative.
In this article, the second order model is used to describe the ship motion caused by first order wave force, the state space modal is shown below. 
EnKF Observer Design
In this paper, the main task is to design a Nonlinear Observer for Ships Based on Ensemble Kalman Filter which can filter out high frequency motion so that the low frequency motion feedback to the control system owing to Dynamic Positioning measuring system usually only get the vessel's position and heading information.
Observation equation as follows:
Where
is state vector and   
Considering the continuous-discrete system： Apply the numerical solution method composed by the Euler method and the Milstein method to introducing the discrete Kalman filter algorithm to the study of observer in continuous-discrete nonlinear system. So, disperse the system process equation (32) by using the 1.5-order Itô-Taylor method.
It is assumed that ) (t x is known, then the approximate numerical solution at time   t can be written as:
Where ε and e are related Gaussian random vectors, they can be generated by two standard Gaussian random vector
Hence, the covariance matrix can be written as:
Besides, the two differential operator, 0  and  are defined as: 
Summary
From the simulation results, EnKF observer and CKF observer proposed can estimate the position and heading of the ship in white noise environment, and the estimated curve after Ensemble Kalman filter is smoother, and bring better feedback for the controller.
In summary, the simulation results verify the validity of the EnKF observer. The disadvantage is that the non-Gaussian noise has not been modeled and simulated. This is for further study.
